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1.  umiODUCTION 


It  h«a  lonft  b—n  racotnlsad  that  >ropailaat  firaa  art  axtraaaly 
difficult  to  axtinquish  onea  thay  ara  atartad.  Our  prauloua  work  on  thla 
12  3 

problaa  *  *  haa  ahown  that  In  ordar  to  quaach  propallant  firaa 
succaaafully*  it  la  nacaaaary  to  taapond  to  tha  flra  aa  quickly  aa  poaalbla. 
The  axtlngulahlnt  agent  ahould  be  delluarad  to  the  flra  In  the  auh^aacond 
tlae  frame.  It  la  alao  thought  to  be  aery  laportant  to  apply  the  hulk  of 
the  extlngulahlng  agent  to  the  fire '■In  aa  i^ort  a  tlma  fr«M  aa  poaalbla. 

There  are  aeueral  detectora  available^  ahlch  can  reapond  to  fire  and 
send  out  a  algnal  to  an  axtlngulaher  idi  mllllaeconda.  Very  faat  acting 
solenoid  valvea  on  Halon  1301-type  praaauriaed  bottles  can  open  and  allow 
2.7kg  (alx  pounds)  of  fluid  to  pass  through  the  walwe  In  approximately  100 

allllaeconds . ^  Teat  reaulta^  indicate  that  this  la  adequate  to  extinguish 
the  fuel  mist  fireball  caused  by  a  shaped  charge  jet  passing  through  the 
fuel  cell  of  a  vehicle. 

Evidence^  strongly  favors  a  gas  phase  Interruption  of  a  free  radical 
chain  as  the  primary  mSana  by  which  Halon  1301  quenches  hydrocarbon  fires. 
Unfortunately,  this  mechenlam  la  not  available  In  the  case  of  propellant 
fires  where  each  grain  of  propellant  carries  both  fuel  and  oxldlter  which 
can  react  In  both  the  solid  and  gaa  phaaea.  It  has  been  shown  that  Halon 

1301,  by  Itself,  la  not  suitable  for  extinguishing  propellant  fires. ^  Other 
fire  extinguishing  agents  are  required  If  we  are  to  quench  propellant  fires 
In  the  millisecond  time  frame.  ifaCer  baaed  foam  agents  were  used  with  some 
success  against  propellant  fires;  heeiever,  there  was  a  problem  In  delivering 
the  agent  to  the  site  of  the  fire  In  a  short  enough  time  to  fully  quench  the 
propellant  fire.  At  times,  the  fire  appeared  to  be  extinguished,  tut 

re-lgnltlon  occurred.^.  It  was  felt  that  If  all  the  available  extinguishing 
agents  could  he  put  onto  the  fire  In  a  very  short  time,  the  probability  of 
completely  quenching  the  fire  would  be  Improved. 

2.  A  NEW  TYPE  OP  FIBI  EXTIHGUISREk 

In  fusl-alr  explosive  studies,  a  small  explosive  charge  Is  often 

sulTitcrgeU  right  In  the  liquid  fuel  which  is  to  be  disseminated.^  When  the 
satall  charge  functions,  the  liquid  is  dispersed  into  the  air.  This  appraoch 
was  tried  with  a  water  based  foam  fire  extinguishing  liquid.  It  was  thought 
that  an  explosive  charge  would  drive  the  liquid  to  the  site  of  the  fire  more 
quickly  than  conventional  means  could  achieve.  A  schematic  of  the  fire 
extinguishing  concept  Is  given  in  Figure  1. 

A  plastic  container,  volume  about  four  lltc);s,  was  filled  almost 
completely  with  a  solution  of  6lX  antlfreesc,30X  water,  and  OX  foaming 

agent.  A  30cm  length  of  Prime  Cord®  containing  2.6  grams  of  explosive  was 
almost  entirely  submerged  In  the  liquid.  A  small  detonator  was  attached  to 

the  end  of  the  Prime  Cord®  which  extended  out  of  the  liquid.  A  high  speed 
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Figure  1 .  Sketch  of  Device  for  Repidly  Dispensing  Fire  EKtinguishinf  Agents 


frMlng  c««ra  (500  fmaa  par  aacond)  waa  uaad  to  raeord  tha  avant  vhan  the 
detonator  functlonad.  Inapaction  of  tha  fila  ahowad  that  the  liquid  was 
drlaan  1  aatar  In  6  allllaaconda.  Moraovar,  all  of  tha  liquid  waa  drivan 
Out  aa  a  unit*  In  a  aattar  of  a  faw  allllaaconda*  all  four  lltara  of  liquid 
wata  dlapanaad  froa  tha  plaatle  eoutalnar  which  broke  Into  thraa  large 
plaeaa.  One  place  (which  trawalad  tha  farthaat)  waa  racowarad  10  aatara 
froai  tha  datonatlon  alta.  Tha  liquid  waa  drlwan  out  horlaontally  by  tha 
llnaar  charga.  Llttla  fluid  waa  drlwan  up  or  down*  Tha  fluid  hahawad 
aoaawhat  Ilka  an  axpandlng  cyllndar.  A  achaaatlc  of  tha  taat  aat-up  la 
glwan  In  Figure  2.  It  ahould  be  aantlonad  that  In  another »  alallar  teat 
utlllalng  ona-half  tha  axploalwa  charge,  tha  container  alaply  apllt  open. 

No  frageanta  waira  foraad.  Tha  apllf'opan  container  waa  racovaim  at  tha 
detonation  alta.  An  axanfnatlon  of  tha  flln  record  ahowad  that  the  liquid 
traaalad  2  notara  In  54  nllllaaconda. 

It  waa  fait  that  thla  would  ha  a  viable  way  of  dallvarlng  a  large 
quantity  of  liquid  to  a  five  In  a  vary  abort  tine*  Tha  quantity  of  foaa 
formed  waa  not  aa  great  aa  pravloualy  ohaarvad  whan  ualng  preaaurlaad  fire 

extlngulahara.  Tharafora,  It  waa  naceaaary  to  Incraaaa  tha  concentatlon  of 
foaming  aganta  to  allow  tha  axtlngulahant  to  cover  tha  aana  amount  of 
aaterial  aa  could  be  covered  ualng  a  praaauriaed  axtingulahar. 

Unlike  tha  dlacharga  frou  a  preaaurlaad  axtingulahar  (through  a  nozzio} 
where  tha  leading  edge  of  a  liquid  atraaa  may  gat  to  a  fire  ^Ickly,  the 
exploalva  ayatam  can  deliver  all  Ita  contanta  In  juat  a  few  nllllaaconds. 

The  liquid  can  be  focuaad  by  aultabla  placamant  of  tha  exploalva  charge  in 
tha  liquids  by  tha  ahape  of  tha  containers  or  by  placing  tha  container 
againat  a  wall  or  corner.  Tha  container  may  alao  be  acorad  for  eaae  of 
breaking  and  for  eoatrolllng  tha  location  of  tha  rupture  of  tha 
extlngulahar.  It  la  even  poaalble  to  conatruct  a  ataal  container  with  one 
weak  (plaatle)  aectlon.  All  liquid  will  be  ejected  through  thla  aectlon. 

It  ahould  be  aantlonad  that  whan  axtlngulahara  aada  of  plexiglaas  (6  r»P\ 
thick)  ware  uaad,  many  plaxlglaaa  fragmanta  were  formed.  Some  fragments 
were  recovered  over  7  aatara  from  tha  taat  alta.  Theaa  fragmanta  could 
preaent  a  problem  if  a  plaxlglaaa  axtingulahar  ware  to  be  uaad  near 
peraonnal. 

5.  USES  OF  THE  NEW  EXTINGUISHER 

Paat  experience ^  has  shown  that  when  using  conventional  (pressurized) 
extinguishers,  it  is  critical  to  respond  to  a  prcpellant  fire  with  the 
extinguishing  agent  as  quickly  as  possible;  certainly  In  loss  than  one 
second.  In  order  to  establish  that  the  explosive  extlnguloher  was  Indeed 
superior  to  a  conventional  extinguisher,  an  experiment  was  conducted  in 
which  a  long  time  delay  was  used.  A  propellant  fire  Involving  23kg  of 
propellant  was  allowed  to  grow  to  its  maximum  intensity  before  the  explosive 
extinguisher  functioned.  The  extinguisher  was  able  to  quench  the  fire. 

tbe  experiment  are  In  Table  1.  A  schematic  ot  the  set-up  la 
presented  In  Figure  3. 
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TABLE  1.  Datalls  of  tho  Long  Tli 


Doloy  Elro  Extinguishing  Bxporlment 


Bxporluontol  Sot‘-up 

Props llont 
Bxtlngulshor 

TIm  Doloy 

Scote  of  Flro 

Method  of  Functioning 


Flro  Out  Tlno 


Amount  of  Propollont 
Reioolnlng 


Stool  box,  top  ond  front  opon;  Im 
long,  l-L/2«  wldo,  Im  high.  Propel- 
lout  ond  oxtlngulohor  both  inside 
thio  box. 

ESkg  (50  founds)  M30 

Box,  5  aldoo  stool,  1  side  plastic, 
cotttolnlng  opproxlnatoly  34  liters 
(B  gollotto)  of  20S  fooo  solution  in 
Motor.  Liquid  driven  by  7.8  grans  ot 
oxplosivo. 

Extinguisher  functioned  8  seconds 
after  Ignition  of  propellant. 

FlasMa  were  6  meters  (20  feet)  into 
the  air  when  the  extinguisher  func¬ 
tioned* 

Hast  from  the  fire  set  off  the  he,<t 
sensitive  explosive  used  in  the 
detonators.  This  Initiated  the  7.^ 
grans  of  explosive  in  the  Prina 

Cord®. 

laaediate;  no  nK>re  than  a  few  mini- 
seconds  . 


11kg  (24  Pounds) 


This  test  narked  the  first  tine  that  It  was  possible  to  extinguish  .« 
propellant  fire  after  it  had  achieved  a  high  intensity.  We  had  been  ehle 
to  extinguish  only  ouch  ssKiller  propellant  fires  using  pressurized 
extinguishers  containing  water-foan  solutions.  The  reason  this  test  wa . 
successful  %«as  that  the  fire  was  overwhelmed  by  putting  all  the  extingtiish 
Ing  agent  onto  the  propellant  at  one  tine. 

Tests  were  then  conducted  to  give  a  comparison  of  the  ability  of  t).> 
exploding  extinguisher  to  quench  a  propellant  fire  versus  a  conventional 
pressurised  extinguisher  attacking  a  similar  fire.  The  tests  were  carried 
out  in  a  1,330  liter  (47  cubic  foot)  steel  container  open  on  the  top.  Tcsi 
conditions  and  results  are  presented  in  Table  2. 
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A  of  teatt  vaa  eoaductad  to  datarmlne  the  alaa  of  axplodlng 

axtlngulahor  raqulrad  to  quanch  propellant  flrea  of  varloua  Intenaltlaa. 
Only  one  extingulaher  vaa  need  for  each  teat.  The  alae  of  the  extlngulaher 
and  amount  of  exploalva  uaed  In  th^  extlngulaher  were  varied.  All  flrea 
were  initiated  hy  an  electric  natch  and  black  powder.  The  Intenaltlaa  of 
the  fires  were  controlled  by  the  a^o«*.nt  of  propellant  uaed  and  the  time 
delay  between  Initiation  of  the  fire  and  functioning  of  the  extlngulaher. 
All  tests  were  onducted  In  a  metal  container  of  approximately  600  liter 
capacity.  The  top  end  front  of  the  container  were  removable.  Data  from 
these  tests  (both  successful  and  unsuccessful  tries)  are  presented  In  Table 
3. 


4.  INTSRPRETATION  OF  RESULTS 

The  data  of  Table  3  were  e>:amlned  In  an  effort  to  determine  which  of 
the  measured  parametera  actually  controlled  the  success  or  failure  of  the 
extinguishing  experiments.  The  parameters  assumed  to  be  Important  are 
given  In  Table  4.  These  parameters  are: 

a.  Amount  of  propellant. 

b.  Amount  of  extinguishing  agent. 

c.  Composition  of  the  extinguishing  agent. 

d.  Amount  of  explosive  used  to  drive  the  agent. 

e.  Time  delay  between  Ignition  of  propellant  and  activation  of 
extinguisher. 

The  size  of  the  test  chamber  was  not  Included  as  a  parameter  since  It 
wa'>  not  varied  in  these  experiments.  These  tests  were  all  carried  out  In 
the  600  liter  fixture.  It  Is  reasonable  to  think  that  there  must  be  a  size 
effect  since  the  liquid  must  be  delivered  to  all  parts  of  the  container  to 
ensure  the  complete  quenching  of  the  propellant  fire. 

The  several  combinations  In  which  the  parameters  were  examined  are 
presented  In  Table  3.  It  can  be  seen  from  the  table  that  a  valid 
correlation  of  parameters  with  successful  extinguishments  Involved  the 
product  of  the  volume  of  agent  and  the  weight  of  explosive  used  to  drive  the 
agent.  A  low  value  of  this  product  correlated  with  failure  to  extinguish 
the  propellant  fires.  A  high  value  of  this  product  correlated  with 
succesful  suppression  of  the  fires.  A  second  valid  correlation  was  found 
using  the  same  product  as  the  first  correlation  (volume  of  agent  multiplied 
by  weight  of  explosive)  divided  by  the  weight  of  propellant  Involved  In  each 
fire.  However,  there  was  only  a  minor  variation  in  the  amount  of  propellant 
used  In  the  experiments.  Only  one  test  Involved  a  small  (6.8kg)  amount  of 
propellant.  All  other  tests  Involved  20.8  to  22.7kg  of  propellant.  The 
Importance  of  the  we/ght  of  propellant  cannot  be  assertalned  from  these 
experiments. 

It  was  quite  surprising  to  find  that  the  time  delay  between  Ignition  of 
the  propellant  and  activation  of  the  extinguisher  was  not  a  critical  factor 
In  determining  the  success  or  failure  of  the  fire  extinguishing  tests. 
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TABLE  3.  Results  of  Propellant  Fire  Extinguishing  Tests  Conducted  in  a  600  Liter  Container 
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TABLE  3.  Results  of  Propellant  Fire  Extinguishing  Tests  Conducted  in  a  600  Liter  Container 

(Cont) 
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22.7kg  of  Loose  M30  19  liters  of  25%  foaming  100ms  Fire  Appeared  Out; 

agent  in  water,  driven  by  Relgnltlon;  Lots  of 

5.2  grams  of  explosive.  White  Smoke 
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TABLE  5,  Possible  Useful  Criteria  for  Correlating  Experiaental  Variables  With  Test  lesolts 
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TABLE  5.  Possible  Useful  Criteria  for  Correlating  Experimental  Variables  With  Test  Results 

(Cont) 
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TABLE  5.  Possible  Useful  Crltecis  for  Correlstlng  Experiaentsl  VsrlablBB  Mth  last  iBBoltt 

CCbac) 


«M(lt  vitli  W  mhOML  tiMt  ctm  tiM  4«Uy 

«u  tafMrtMt.  f«t  tta  tiM  daJUf  Vtoif«4  to  ko  oalayortMit  ia  tiM  eooo  of 
tlM  oKplodiof  oatittgoiokora. 

5.  UnONALlUTIOII  or  4  HOML 

^  laoolvtog  ovor  lOkt  of  ptogolinat  (aoot  of  tko  firoo  ropoirtod  in 
Toblo  3  oro  of  tkla  oito)  goaorotoa  oVoot  SOQOteol  ^  koot  ookk  ooeoai. 

4  firo  of  tkls  latoMlty  oat  oaporlno  ooor  fioo  litoro  pa  ooooad  of  o 

ootor-boood  oatlatialokiag  ogoat.  Our  goat  osgotloaeo^  «iek  firoo  of  tMa 
alto  dsMaatratod  tkat  aaek  firoo  oro  oorr  diffioalt  to  oatii^aiah  oaiag 
conroatlonoi  proaoarisoi  oatingoiakoro.  Tot  gioroUaat  firoa  of  tkio  oito, 
oooB  at  aoKiawa  intoaoity,  aoro  g^oaokod  aoiag  oaglodiag  oatiagniakoro. 

Thla  aoy  ko  dao  ko  tko  foot  tkot  tkia  typo  oatUgaiakor  goliroro  oil  of  Ito 
ligotd  oa  o  ttoit  to  tko  firo  witkia  atlliaoeoaia  oftor  oetioatioa  of  tko 
OKtlttgttiokor.  4  20kg  propolloat  firo  ooaaot  goaoroto  knot  rapidly  onoogh  to 
boll  off  tko  llguld  oo  It  la  dolloorod  to  tko  firo. 

It  la  roooonoblo  to  oxpoct  tkot  oil  liquid  will  ko  dolioorod  to  tko 
firo  wltkln  o  tlao-froao  of  50  allllodcoado*  4  largo  propolloat  firo, 
gonorotlng  3000  keol  par  ooeoad,  plooo  off  oaly  ISOkcol  in  50  allllaoeondo. 
Thla  hoot  la  adoquoto  to  oogorlaa  only  about  300  alllilltora  of  tko  liquid 
oa  tko  liquid  la  dallvarod  to  tko  propollont  firo.  Thla  aaoll  loaa  of  ogont 
to  oaporlaatlon  doaa  not  praooat  quonehlag  of  tko  firo.  Ivldonco  froa  fllaa 
akowa  that  tka  propollont  firoo  eon  ko  coaplotaly  oatlngulakod  In  Juat  o  tm 
■llllaocorida  ukon  all  liquid  la  dolioorod  oa  o  ualt.  411  propollont  grolna 
auat  ko  dronekod  at  tka  oaao  tlao  to  Inouro  o  aueeoaoful  ontingulakaMt.  If 
ootn  a  fou  kumlng  grolna  oro  not  ^onckod,  eoakuatloo  ulll  ko  tranofarod  to 
tka  other,  nonrkumlng  grolna  oa  tka  ootlngulahont  drolna  off  tkaa.  Slneo 
all  grolna  auat  ko  eorarod  ky  oxtlngulakont.  It  opporontly  dooa  not  not  tor 
how  aany  grolna  are  kumlng  when  tko  oxtlngulakor  la  aetlratod.  Tkoroforo, 
the  oxtlngulakor  can  quonch  a  fully  Involrod  firo  at  wall  oa  a  aaallor  firo. 

6.  OOMCLUSIONS 


It  haa  koaa  doaunatrotad  tkot  tko  onplodlag  ontlngulahor  la  eopokla  of 
quenching  largo  propollont  flraa  within  atlllaoeonda  oftor  activation. 

In  jovoral  auccoaaful  toota,  approuluotoly  four  lltora  of  liquid  wore 
uaoU  for  aoeh  gran  of  oxploalve  ouployod.  Tkvrofora,  largo  quantltloa  of 
exploalvo  are  not  required  even  for  extlngulahera  containing  large  volunea 
of  liquid. 


golatlvcly  larve  ::cticonCTatlono  of  foaulng  agent  (20-25X  ky  volune)  are 
required  to  achieve  a  rooaonokle  onount  of  fotwi  In  tka  final  product. 


Lam*  concmtrotlona  (over  60X  ky  volune)  oC  athylonaglycol-type 
>ereial  antlfreeaa  nay  bo  uaed  In  the  llqiUd. 


dialog  of  tka  liquid  nay  ka  ocklavad  ky  aultokle  goonetry  of  the 
container  or  alnply  by  proper  plocanent  of  tka  oxploalvo  charge. 
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1a  a  contAlAAr  with  a  eoAttAAt  aaoiiAt  of  prop«llAat»  tho 

critlCAl  fActoro  lo  AxtintulohlAg  a  profAllAAt  firo  Afo  tho  ABoimt  of  liquid 
Aod  tho  MOUAt  of  tho  AXplOAlTA  ellAr|A*  TltA  tlM  Of  rOApOAAA  lO  AOt 
criticAl  In  doCAralninf  uhothor  or  not  tho  flro  lo  quonelMd. 

SincA  this  Mif.liod  of  AAtlngulAhlng  a  flrA  caa  quonrh  indlviduAl  t^^Alna 
of  propollAAt  whilo  thoy  oro  bumint,  it  ^  poAOiblo  to  Apply  thin 
ApproAch  to  quoaehiac  flroa  AotoelAtAd  with  daMtod  roekat  Aotora  uhieh 
uauAlly  ha^  alnglo  (but  ^ry  larto  and  OAorgotlc)  gralna  of  propAllant. 

Tho  ASplodint  Axtlngttlahor  aay  bo  uoAful  for  Axtlnguiahint  flroa 
InvolTlnt  Ineondlary  AAtAriala  ainca  a  auceAaafttl  OApariAAnt  dapoAda 
on  coaplotaly  dranchlAg  tho  mowoA  of  burning  propallant*  Thla  dronehlng  nay 
ba  AufficloAt  to  axtlngulah  arain  highly  Anargatlc  IneandlAry  natorlAla* 

7.  yUTUIS  HOPK 

A  aubaaquant  raport  on  tha  uaa  of  axplodlng  axtlngulahara  will  daal 
with  tkalr  ability  to  rapidly  quanch  flroa  Inltlatod  by  ahapad  eharga  Jat 
attack  on  aatunltlon.  tapldly  quanehlng  aaRunltlon  flraa  in  both  craw 
eoapartaanta  and  aaparata  aaaunltlon  atoraga  coa^rtaanta  will  ba  addraaaad. 
Taata  on  an  actual  vahlcla  aa  wall  aa  a  ganaric  vahlcla  will  ba  raportad. 
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